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Description

Field

[0001] The present invention relates to crystalline copolymerized polyethernitrile.

Background

[0002] Polyethernitrile is one of the crystalline super engineering plastics having excellent heat resistance, chemical
resistance, and flame retardancy and in addition mechanical properties such as abrasion resistance and friction resistance
(for example, refer to Patent Literature 1).
[0003] Although polyethernitrile has the excellent properties as described above, polyethernitrile has a high melting
point as compared with other thermoplastic resins and thus processing temperature at the time of processing polyether-
nitrile such as injection molding and extrusion molding is high. Therefore, polyethernitrile having high crystalline properties
and a low melting point has been desired.
[0004] With respect to this problem, a method for copolymerizing two kinds of dihydroxy components serving as
constitutional monomers has been disclosed (for example, refer to Patent Literature 2 and Non Patent Literature 1).
[0005] Although an active functional group ends existing in polymers are generally expected to function as a reaction
point of macromolecular reaction and an interaction point with additives, the active functional group ends cause deteri-
oration in heat stability. Therefore, end capping of the active functional group ends has been studied. With respect to
polyethernitrile, hydroxy ends that may exist in the polymer are also considered to cause deterioration in the heat stability.
In order to improve the heat stability of the polymer, a method for using mono-substituted halogen compounds serving
as reaction termination agents (for example, refer to Patent Literature 3) and a method for using monovalent phenols
serving as molecular weight modifiers (for example, refer to Patent Literature 4) have been disclosed.

Citation List

Patent Literature

[0006]

Patent Literature 1: Japanese Examined Patent Application Publication No. H5-78576
Patent Literature 2: Japanese Examined Patent Application Publication No. S63-62526
Patent Literature 3: Japanese Patent Application Laid-open No. S63-270733
Patent Literature 4: Japanese Patent Application Laid-open No. S61-57619

Non Patent Literature

[0007] Non Patent Literature 1: High Performance Polymers, 2019, 31, 310-320

Summary

Technical Problem

[0008] However, in the method described in Patent Literature 2, crystalline properties are completely impaired to
become amorphous and thus processability deteriorates. In addition, how a copolymerization ratio affects to physical
properties has not been described at all.
[0009] In the method described Patent Literature 1, although the melting point decreases, the crystalline properties
also decreased and thus the polymer is required to be subjected to high temperature treatment for several hours.
[0010] Any of the Literatures describe a mechanism or factor that enables the high crystalline properties and low
melting point to be controlled.
[0011] The hydroxy group ends that may exist in polyethernitrile are expected to be utilized as the reaction point of
the macromolecular reaction and the interaction point with the additive. However, analysis of hydroxy group ends is
difficult and analysis of the hydroxy ends that may exist in polyethernitrile and determination of the quantity of the hydroxy
group ends have not been reported. In the case where the hydroxy group ends exist in a large quantity, it is conceivable
that this leads to deterioration in heat stability and thus only report examples in which the polymer ends are completely
capped with additives as described in Patent Literature 3 and Patent Literature 4 exist. Consequently, polyethernitrile
that appropriately controls the amount of the hydroxy group ends in polyethernitrile and has excellent heat stability has
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not been reported.
[0012] In the methods described in Patent Literature 3 and Patent Literature 4, a third component other than monomers
is required to cap the polymer ends and there has been room for improvement in processability and economic efficiency.
[0013] Therefore, in view of the problem of these conventional techniques, the inventors of the present invention set
an object to provide crystalline polyethernitrile having high crystalline properties, a low melting point, and excellent heat
stability by controlling a difference between a melting point and a crystallization temperature at the time of temperature-
fall in a specific range and controlling and quantifying the end structure. Solution to Problem
[0014] To achieve the object, the present invention includes the following structure.

(1) Crystalline polyethernitrile with a difference between a melting point and a crystallization temperature at a time
of temperature-fall being 40°C or more and 100°C or less, the crystalline polyethernitrile including N repeating units
represented by Formula (I) and M repeating units represented by Formula (II), N and M being integers satisfying a
relation of 0.90 < [N/(N + M)] < 1.00:

in Formulas (I) and (II), Ar1 and Ar2 have one framework selected from units represented by Formula (a) to Formula
(f), with proviso that Ar1 and Ar2 are not the same,

in Formula (a) to Formula (f), R is any one of a linear organic group, a branched organic group, or a cyclic organic
group having a carbon number of 1 to 6, and optionally has one or more oxygen atoms, nitrogen atoms, and sulfur
atoms; Rs may be the same as or different from each other; a represents number of substituents in R and is an
integer from 0 to 4; and X is a hydrogen atom or a methyl group.
(2) The crystalline polyethernitrile according to (1), including N repeating units represented by Formula (III) and M
repeating units represented by Formula (IV), N and M being integers satisfying a relation of 0.90 < [N/(N + M)] < 1.00:

in Formulas (III) and (IV), Ar1 and Ar2 have one framework selected from units represented by Formula (g) to Formula
(1), with proviso that Ar1 and Ar2 are not same,
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where X is a hydrogen atom or a methyl group.
(3) The crystalline polyethernitrile according to (1), including N repeating units represented by Formula (V) and M
repeating units represented by Formula (VI), N and M being integers satisfying a relation of 0.90 < [N/(N + M)] < 1.00:

in Formula (V) and Formula (VI), Ar1 and Ar2 have one framework selected from units represented by Formula (g)
to Formula (1), with proviso that Ar1 and Ar2 are not same,

where X is a hydrogen atom or a methyl group.
(4) The crystalline polyethernitrile according to any one of (1) to (3), wherein Ar1 is a para-phenylene framework or
a meta-phenylene framework.
(5) The crystalline polyethernitrile according to any one of (1) to (4), wherein a melting point of the crystalline
polyethernitrile is 280°C or more and 360°C or less.
(6) The crystalline polyethernitrile according to any one of claims 1 to 5, wherein a weight loss ratio of the crystalline
polyethernitrile during 30-minute retention at melting point + 30°C under a non-oxidizing atmosphere in thermogravi-
metric analysis (TG) is 5% or less. Advantageous Effects of Invention

[0015] According to the present invention, crystalline polyethernitrile having high crystalline properties, a low melting
point, and excellent heat stability can be provided.

Brief Description of Drawings

[0016]
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FIG. 1 is a chart illustrating a NMR spectrum of crystalline polyethernitrile obtained in Example 1.
FIG. 2 is a chart illustrating an infrared spectroscopy chart of crystalline polyethernitrile obtained in Example 2.

Description of Embodiments

[0017] Hereinafter, the invention will be described in detail together with the embodiments.

(1) Crystalline polyethernitrile

[0018] The crystalline polyethernitrile according to the present invention refers to a polymer including N repeating units
represented by Formula (I) and M repeating units represented by Formula (II), and N and M are integers satisfying a
relation of 0.90 < [N/(N + M)] < 1.00.

[0019] In Formula (I) and Formula (II), Ar1 and Ar2 have one framework selected from the units represented by Formula
(a) to Formula (f), However, Ar1 and Ar2 are not the same.

[0020] Here, in Formulas (a) to (f), R is any one of a linear organic group, a branched organic group, or a cyclic organic
group having a carbon number of 1 to 6 and optionally contains one or more oxygen atoms, nitrogen atoms, or sulfur
atoms. Rs may be the same as or different from each other. a represents the number of substituents in R and is an
integer from 0 to 4. X is a hydrogen atom or a methyl group.
[0021] The crystalline polyethernitrile according to the present invention includes N units of the repeating units repre-
sented by Formula (I) and M units of the repeating units represented by Formula (II) and N and M are integers satisfying
a relation of 0.90 < [N/(N + M)] < 1.00. The upper limit of [N/(N + M)] is not particularly limited as long as the upper limit
is less than 1.00. As the upper limit is closer to 1.00, the melting point becomes higher and thus the upper limit is
preferably 0.99 or less and more preferably 0.97 or less. The lower limit of [N/(N + M)] is not particularly limited as long
as the lower limit is more than 0.90. A lower limit of less than 0.90 is not suitable because the crystalline properties
decrease and the polyethernitrile is amorphous. From the viewpoint of the crystalline properties, N and M are preferably
integers satisfying the relation of 0.90 < [N/(N + M)] ≤ 0.99, more preferably integers satisfying the relation of 0.90 <
[N/(N + M)] ≤ 0.97, and further preferably integers satisfying the relation of 0.91 ≤ [N/(N + M)] ≤ 0.97.
[0022] The upper limit of the sum of N and M is not particularly limited. A range of 5 to 10,000 may be exemplified, a
range of 5 to 5,000 is preferable, a range of 5 to 1,000 is further preferable, and a range of 5 to 500 is more preferable.
[0023] In the crystalline polyethernitrile according to the present invention, preferable repeating units are represented
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by Formula (III) and Formula (IV).

[0024] Here, in Formula (III) and Formula (IV), Ar1 and Ar2 have one framework selected from the units represented
by Formula (g) to Formula (1). However, Ar1 and Ar2 are not the same. The crystalline polyethernitrile includes N units
of the repeating units represented by Formula (III) and M units of the repeating units represented by Formula (IV) and
N and M are integers satisfying the relation of 0.90 < [N/(N + M)] < 1.00.

[0025] Here, in Formula (g) to Formula (l), X is a hydrogen atom or a methyl group. The crystalline polyethernitrile
according to the present invention includes N units of the repeating units represented by Formula (III) and M units of the
repeating units represented by Formula (IV) and N and M are integers satisfying the relation of 0.90 < [N/(N + M)] <
1.00. The upper limit of [N/(N + M)] is not particularly limited as long as the upper limit is less than 1.00. As the upper
limit is closer to 1.00, the melting point becomes higher and thus the upper limit is preferably 0.99 or less and more
preferably 0.97 or less. The lower limit of [N/(N + M)] is not particularly limited as long as the lower limit is more than
0.90. A lower limit of less than 0.90 is not suitable because the crystalline properties decrease and the polyethernitrile
is amorphous. From the viewpoint of the crystalline properties, N and M are preferably integers satisfying the relation
of 0.90 < [N/(N + M)] ≤ 0.99, more preferably integers satisfying the relation of 0.90 < [N/(N + M)] ≤ 0.97, and further
preferably integers satisfying the relation of 0.91 ≤ [N/(N + M)] ≤ 0.97.
[0026] The upper limit of the sum of N and M is not particularly limited. A range of 5 to 10,000 may be exemplified, a
range of 5 to 5,000 is preferable, a range of 5 to 1,000 is further preferable, and a range of 5 to 500 is more preferable.
[0027] In the crystalline polyethernitrile according to the present invention, further preferable repeating units are rep-
resented by Formula (V) and Formula (VI).

[0028] Here, in Formula (V) and Formula (VI), Ar1 and Ar2 have one framework selected from the units represented
by Formula (g) to Formula (1). However, Ar1 and Ar2 are not the same. Among them, a framework in which Ar1 represented
by Formula (g) or Formula (h) is preferable and framework is further preferably represented by Formula (g).
[0029] The framework in which Ar2 represented by Formula (g), Formula (h), Formula (i), Formula (k), or Formula (l)
is more preferable. When Ar1 is represented by Formula (g), Ar2 is preferably represented by Formula (h), Formula (i),
Formula (k), or Formula (l), whereas Ar1 is represented by Formula (h), Ar2 is preferably represented by Formula (g),
Formula (i), Formula (k), or Formula (l).



EP 4 159 787 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0030] Here, in Formulas, X is a hydrogen atom or a methyl group. The crystalline polyethernitrile according to the
present invention includes N units of the repeating units represented by Formula (V) and M units of the repeating units
represented by Formula (VI) and N and M are integers satisfying the relation of 0.90 < [N/(N + M)] < 1.00. The upper
limit of [N/(N + M)] is not particularly limited as long as the upper limit is less than 1.00. As the upper limit is closer to
1.00, the melting point becomes higher and thus the upper limit is preferably 0.99 or less and more preferably 0.97 or
less. The lower limit of [N/(N + M)] is not particularly limited as long as the lower limit is more than 0.90. A lower limit of
less than 0.90 is not suitable because the crystalline properties decrease and the polyethernitrile is amorphous. From
the viewpoint of the crystalline properties, N and M are preferably integers satisfying the relation of 0.90 < [N/(N + M)]
≤ 0.99, more preferably integers satisfying the relation of 0.90 < [N/(N + M)] ≤ 0.97, and further preferably integers
satisfying the relation of 0.91 ≤ [N/(N + M)] ≤ 0.97.
[0031] The upper limit of the sum of N and M is not particularly limited. A range of 5 to 10,000 may be exemplified, a
range of 5 to 5,000 is preferable, a range of 5 to 1,000 is further preferable, and a range of 5 to 500 is more preferable.
[0032] The crystalline polyethernitrile in the present invention is a crystalline polymer having excellent processability.
Therefore, the difference between a crystallization temperature when a temperature is lowered from a melted state, that
is a crystallization temperature at the time of temperature-fall and the melting point is preferably small to some extent.
However, an excessively small difference leads to deteriorated processability. Specifically, the difference between the
crystallization temperature at the time of temperature-fall and the melting point is required to be 40°C to 100°C Crystalline
polyethernitrile having a difference of more than 100°C results in significant decrease in the crystalline properties, which
is not preferable. Crystalline polyethernitrile having a difference of less than 40°C causes the solidification rate of the
melted polymer to be fast and thus processability to deteriorate, which is not preferable. The difference between the
melting point and the crystallization temperature at the time of temperature-fall is more preferably 50°C to 90°C.
[0033] The melting point of the crystalline polyethernitrile in the present invention is 280°C to 360°C, preferably 280°C
to 350°C, and more preferably 280°C to 340°C from the viewpoint of processability.
[0034] The end groups of the crystalline polyethernitrile in the present invention are hydroxy groups, a metal salts of
hydroxy groups, halogeno groups, linear organic groups, branched organic groups, and cyclic groups having a carbon
number of 1 to 16.
[0035] With respect to the crystalline polyethernitrile according to the present invention, the structure of the end groups
affects heat stability. The heat stability of the crystalline polyethernitrile according to the present invention can be evaluated
by thermogravimetric analysis (TG). In the thermogravimetric analysis (TG), a weight loss ratio when the crystalline
polyethernitrile is retained at 50°C for 1 minute under a non-oxidizing atmosphere, thereafter heated from 50°C to a
temperature of the melting point + 30°C at a temperature rising rate of 20 °C/min, and retained at the temperature of
the melting point + 30°C for 30 minutes is preferably 5% or less, more preferably 4% or less, and further preferably 3%
or less. Here, the weight loss ratio is calculated using a weight after one-minute retention at 50°C as a reference.
[0036] The end structure of the crystalline polyethernitrile in the present invention can be quantified by nuclear magnetic
resonance (NMR) analysis. The ends of the crystalline polyethernitrile in the present invention are not particularly limited
as long as the crystalline polyethernitrile satisfies the above heat stability. More preferably, the ratio of the sum of the
halogeno groups, the linear organic groups, the branched organic groups, and the cyclic organic groups having a carbon
number of 1 to 16 to the sum of the end groups other than the hydroxy groups and the metal salts of hydroxy groups,
that is, the total end groups is 0.2 or more and 1.0 or less.

(2) Method for producing crystalline polyethernitrile

[0037] A method for producing the polyethernitrile used in the present invention is not particularly limited as long as
the method can synthesize the polyethernitrile satisfying the above requirement (1) and any production methods can
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be adopted. For example, polyethernitrile can be produced by heating a mixture of an aromatic compound (M1) substituted
with two hydroxy groups, an aromatic compound (M2) substituted with two hydroxy groups different from the aromatic
compound (M1), an aromatic compound having a benzonitrile framework substituted with two halogeno groups (M3),
and a base in an organic polar solvent.
[0038] Hereinafter, the aromatic compound (M1) substituted with two hydroxy groups, the aromatic compound (M2)
substituted with two hydroxyl groups different from the aromatic compound (M1), the aromatic compound having a
benzonitrile framework substituted with two halogeno groups (M3), the base, the organic polar solvents, and reaction
conditions that are used in the preferable embodiments of the present invention, will be described.
[0039] The aromatic compound (M1) substituted with two hydroxy groups, the aromatic compound (M2) substituted
with two hydroxyl groups different from the aromatic compound (M1) in the method for producing the crystalline poly-
ethernitrile according to the present invention can be exemplified by compounds represented by following General
Formulas (m) to (r).

[0040] In above Formulas (m) to (r), R is a linear organic group, a branched organic group, or a cyclic organic group
having a carbon number of 1 to 6 and optionally contains one or more oxygen atoms, nitrogen atoms, or sulfur atoms.
a represents the number of substituents in R and is an integer from 0 to 4. In the case where a plurality of Rs exist, Rs
may be the same as or different from each other.
[0041] Specifically, resorcinol, 5-methoxyresorcinol, 2-methylresorcinol, 5-methylresorcinol, 2,4-dihydroxybenzalde-
hyde, 4-ethylresorcinol, 3,5-dihydroxyacetophenone, 4-butylresorcinol, 2-acetylresorcinol, 4-hexylresorcinol, 4-acetyl-
resorcinol, 3,5-dihydroxybenzoic acid, 4-benzoylresorcinol, 4,6-diacetylresorcinol, 2,6-dihydroxybenzoic acid, 2,4-dihy-
droxybenzoic acid, 4-propionylresorcinol, 3,5-dihydroxybenzamide, 3,5-dihydroxy-4-methylbenzoic acid, 2-nitroresorci-
nol, 2,6-dihydroxy-4-methylbenzoic acid, 2,4-dihydroxybenzamide, hydroquinone, 1,4-dihydroxynaphthalene, catechol,
4,4’-dihydroxybiphenyl, methylhydroquinone, methoxyhydroquinone, 2,6-dimethylhydroquinone, 2,3-dimethylhydroqui-
none, trimethylhydroquinone, tetramethylhydroquinone, 2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone, 2-
acetylhydroquinone, 2,5-dihydroxybenzoic acid, phenylhydroquinone, 2,5-dihydroxyterephthalic acid, 1,4-dihydroxy-2-
naphthoic acid, 3,6-dihydroxybenzonorbornane, 2,3-dihydroxynaphthalene, 1,2-dihydroxynaphthalene, 4-methylcate-
chol, 3-methoxycatechol, 3-methylcatechol, 3,4-dihydroxybenzaldehyde, 4-tert-butylcatechol, 2,3-dihydroxybenzalde-
hyde, 3,4-dihydroxyacetophenone, 3,4-dihydroxybenzophenone, 3,5-di-tert-butylcatechol, 3,4-dihydroxybenzoic acid,
4-nitrocatechol, 2,3-dihydroxybenzoic acid, catechol-4-acetic acid, 4,4’-dihydroxy-3,3’,5,5’-tetramethylbiphenyl, 3,3’-di-
hydroxybenzidine, 1,5-dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, 2,7-dihydroxy-
naphthalene, 2,2’-bis(4-hydroxyphenyl)propane, bis(4-hydroxyphenyl)sulfone, 1,1’-bis(4-hydroxyphenyl)methane, 4,4’-
dihydroxybenzophenone, and 4,4’-dihydroxydiphenylether may be exemplified as the compounds (M1) and (M2) sub-
stituted with two hydroxy groups. From an economic viewpoint, resorcinol, hydroquinone, catechol, 4,4’-dihydroxybiphe-
nyl, 2,7-dihydroxynaphthalene, 2,2’-bis(4-hydroxyphenyl)propane, bis(4-hydroxyphenyl)sulfone, and 1,1’-bis(4-hydrox-
yphenyl)methane are preferable and resorcinol, hydroquinone, catechol, 4,4’-dihydroxybiphenyl, 2,2’-bis(4-hydroxyphe-
nyl)propane, and bis(4-hydroxyphenyl) sulfone are more preferable.
[0042] In the crystalline polyethernitrile according to the present invention, a copolymer sequence may be random or
block. From the viewpoint of crystalline properties, the sequence is preferably random. The compound (M1) and com-
pound (M2) substituted with two hydroxy groups are preferably previously mixed and then reacted.
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[0043] As the compound (M3) having the benzonitrile framework substituted with two halogeno groups in the method
for producing the crystalline polyethernitrile according to the present invention, a compound represented by following
General Formula (s) is applicable.

[0044] In Formula (s), R is any one of a linear organic group, a branched organic group, or a cyclic organic group
having a carbon number of 1 to 6 and optionally contains one or more oxygen atoms, nitrogen atoms, or sulfur atoms.
a represents the number of substituents in R and is an integer from 0 to 4. X1 and X2 are independently halogen atoms
and may be the same or different. In the case where a plurality of Rs exist, Rs may be the same as or different from
each other.
[0045] Specifically, 2,6-dichlorobenzonitrile, 2,6-difluorobenzonitrile, 2-chloro-6-fluorobenzonitrile, 2,5-dichloroben-
zonitrile, 2-chloro-5-fluorobenzonitrile, 2,5-difluorobenzonitrile, 3,5-dichlorobenzonitrile, 3,5-difluorobenzonitrile, 2,3-
dichlorobenzonitrile, 2,3-difluorobenzonitrile, 3-chloro-2-fluorobenzonitrile, 3,4-dichlorobenzonitrile, 3,4-difluorobenzoni-
trile, 4-chloro-3-fluorobenzonitrile, and 3-chloro-4-fluorobenzonitrile may be exemplified as the compounds (M3) having
the benzonitrile framework substituted with two halogeno groups. From an economic viewpoint, 2,6-dichlorobenzonitrile
and 2,6-difluorobenzonitrile are preferable and 2,6-dichlorobenzonitrile is more preferable.
[0046] The amounts of compounds (M1), (M2), and (M3) used in the method for producing the crystalline polyethernitrile
according to the present invention are not particularity limited as long as the sum of the compounds (M1) and (M2) is in
the range of 0.90 mol to 1.10 mols relative to 1.00 mol of the compound (M3). From the viewpoint of the physical properties
of the polymer, the range of 0.95 mol to 1.05 mols is preferable and the range of 0.95 mol to 1.00 mol is more preferable.
The amounts of compounds (M1) and (M2) used is not particularly limited as long as the amounts satisfies a relation of
0.90 < [Amount of (M1) used (mol)/Total amount of (M1) and (M2) used (mol)] < 1.00. From the viewpoint of the physical
properties of the polymer, 0.91 ≤ [Amount of (M1) used (mol)/Total amount of (M1) and (M2) used (mol)] < 1.00 is
preferable and 0.95 ≤ [Amount of (M1) used (mol)/Total amount of (M1) and (M2) used (mol)] < 1.00 is more preferable.
[0047] Examples of the base in the method for producing the crystalline polyethernitrile according to the present
invention include organic and inorganic bases. Specific examples of the base include organic bases such as 1,8-di-
azabicyclo[5.4.0]-7-undecene, 1,5-diazabicyclo[4.3.0]-5-nonene, 7-methyl-1,5,7-triazabicyclo[4.4.0]deca-5-ene, and
1,5,7-triazabicyclo[4.4.0]deca-5-ene; alkali metal carbonates such as lithium carbonate, sodium carbonate, potassium
carbonate, rubidium carbonate, and cesium carbonate; alkaline earth metal carbonates such as calcium carbonate,
strontium carbonate, and barium carbonate; alkali metal bicarbonates such as lithium bicarbonate, sodium bicarbonate,
potassium bicarbonate, rubidium bicarbonate, and cesium bicarbonate; alkaline earth metal bicarbonates such as calcium
bicarbonate, strontium bicarbonate, and barium bicarbonate; alkaline metal hydroxides such as lithium hydroxide, sodium
hydroxide, potassium hydroxide, rubidium hydroxide, and cesium hydroxide; and alkaline earth metal hydroxides such
as calcium hydroxide, strontium hydroxide, and barium hydroxide. Of these bases, carbonate salts such as sodium
carbonate and potassium carbonate and bicarbonate salts such as sodium bicarbonate and potassium bicarbonate are
preferable and sodium carbonate and potassium carbonate are further preferable, and sodium carbonate is further more
preferable from the viewpoint of ease of handling and reactivity. These bases can be used singly or in combination of
two or more of them. These bases are preferably used in the form of anhydrides and may also be used as hydrates or
aqueous mixtures. The aqueous mixtures described herein refers to an aqueous solution, a mixture of an aqueous
solution and a solid component, or a mixture of water and a solid component.
[0048] The amount of base in the method for producing the crystalline polyethernitrile according to the present invention
depends on the total amounts of the aromatic compound (M1) and the aromatic compound (M2). The molar ratio of the
base relative to the total molar numbers of the hydroxy groups in the compounds (M1) and (M2) is at least 1 and is
preferably 1.2 or more from the viewpoint of reactivity. The upper limit of the base in the present invention is not particularly
limited because excessive use of the base does not cause problems. The practical upper limit of the base is 100 relative
to the total molar numbers of the hydroxy groups in (M1) and (M2). The molar ratio of the base relative to the total molar
numbers of hydroxy groups in (M1) and (M2) is preferably 1.2 to 10.
[0049] In the preferable method for producing the crystalline polyethernitrile according to the present invention, the
organic polar solvent used is not particularly limited as long as the solvent does not inhibit the reaction. Specific examples
of such organic polar solvents include nitrogen-containing polar solvents such as N-methyl-2-pyrrolidone (NMP), N-
methylcaprolactam, N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), 1,3-dimethyl-2-imidazolidinone
(DMI), hexamethylphosphoramide, and tetramethylurea; sulfoxide-based and sulfone-based solvents such as dimethyl
sulfoxide (DMSO), dimethylsulfone, diphenylsulfone, and sulfolane, nitrilebased solvents such as benzonitrile, diaryl
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ethers such as diphenyl ether, ketones such as benzophenone and acetophenone, and mixtures of these solvents. All
of these organic polar solvents are preferably used due to high reaction stability. Of these solvents, NMP, DMSO, and
sulfolane are preferable and NMP is particularly preferably used. These organic polar solvents have excellent stability
at a high temperatures region and are said to be also preferable organic polar solvents from the viewpoint of availability.
[0050] As the amount of the organic polar solvent, the total amount of the organic solvent included in the mixture of
0.50 liter or more relative to 1.0 mol of the total benzene ring components included in the mixture may be preferably
exemplified. The mixture including 1.00 liter or more may be more preferably exemplified and the mixture including 2.0
liter or more may be further preferably exemplified. The upper limit of the amount of the organic polar solvent in the
mixture is not particularly limited and the upper limit is preferably 100 liters or less relative to 1.0 mol of the total benzene
ring components in the mixture and more preferably 50 liters or less. Increase in the amount of the organic polar solvent
used allows the solubility of the monomers and oligomers at a generation process to be improved and the reactive end
groups to be effectively introduced. However, in the case where the amount of the organic polar solvent used is excessively
large, the generation amount of the crystalline polyethernitrile per unit volume of a reaction container tends to decrease
and the time required for the reaction tends to be longer. Therefore, from the viewpoint of productivity, the amount of
the organic polar solvent used is preferably set to the above range of the organic polar solvent used. The amount of the
organic polar solvent described here is determined by using the volume of the solvent under normal temperature and
pressure as a reference. The amount of the organic polar solvent used in the mixture is the amount of organic polar
solvent introduced into the reaction system from which the amount of organic polar solvent excluded from the reaction
system by dehydration operation or other operations is subtracted. The benzene ring components in the mixture described
here refers to the benzene ring components in the raw materials that may serve as constituents of the repeating units
in the crystalline polyethernitrile by reaction. The "molar number" of the benzene ring component in these raw materials
represents the "number of benzene rings constituting the compound".
[0051] Molecular weight modifiers can be added here, if necessary. As the molecular weight modifiers, compounds
represented by Formula (t) can be used.

[0052] In Formula (t), R is a linear organic group, a branched organic group, or a cyclic organic group having a carbon
number of 1 to 10 and optionally contains one or more oxygen atoms, nitrogen atoms, or sulfur atoms. Rs may be the
same as or different from each other. a represents the number of substituents in R and is an integer from 0 to 4. Specific
Examples of the molecular weight modifiers include phenol, 4-phenylphenol, 4-tert-butylphenol, 4-cumylphenol, 4-phe-
noxyphenol, 4-ethylphenol, 4-methoxyphenol, and 4-tert-octylphenol.
[0053] In the method for producing the crystalline polyethernitrile according to the present invention, water is generated
as a byproduct as the reaction proceeds. For the purpose of removing the byproduct water, organic compounds that
form azeotropic mixtures with water can be added, if necessary. Such organic compounds are not particularly limited
as long as the organic compounds form the azeotropic mixtures with water. Non-polar organic solvents having a lower
boiling point than that of the reaction solvent are preferable. Specifically, toluene may be exemplified. The amount of
organic compounds is not particularly limited as long as the reaction is not inhibited. The amount is preferably in a range
of 0% to 50%, more preferably in a range of 0% to 20%, and further preferably in a range of 0% to 10% in a volume ratio
relative to the above amount of the organic polar solvent.
[0054] The method for producing the crystalline polyethernitrile according to the present invention is performed under
heating under a nitrogen atmosphere or under reduced pressure The reaction temperature can be varied across a wide
range. The reaction may be performed at a temperature of at least 80°C and preferably at least 150°C and performed
at a maximum temperature of 400°C and, from the viewpoint of productivity, preferably at a maximum temperature of
350°C. Considering the sublimation and reactivity of the compounds to be used, the reaction is preferably performed in
a range of 150°C to 350°C and more preferably in a range of 150°C to 200°C while the temperature is being raised
stepwise. Furthermore, for the purpose of improve the reactivity, the reaction is performed with stirring.
[0055] The reaction time in the method for producing the crystalline polyethernitrile according to the present invention
can widely vary depending on the reaction temperature, the properties of the reagents used, and the presence of solvents
to some extent and is from 0.1 hour to 100 hours and preferably from 0.5 hour to 50 hours from the viewpoint of the
productivity.
[0056] The reaction container in the method for producing the crystalline polyethernitrile according to the present
invention is not particularly limited as long as the container can withstand the above reaction temperatures. Containers
made of glass or containers made of stainless steel can be used.
[0057] In the method for the producing crystalline polyethernitrile according to the present invention, the pressure
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applied to the reaction may be pressure under which the reactants are maintained to be a liquid phase in the reaction
medium and a pressure in the range of 1 atm to 10 atm may be used and, from the viewpoint of productivity, the pressure
is preferably in a range of 1 atm to 2 atm.
[0058] In the method for producing the crystalline polyethernitrile according to the present invention, the produced
crystalline polyethernitrile can be obtained by separating and recovering from the reaction mixture obtained by the
production method described above. The reaction mixture obtained by the above production method includes at least
the crystalline polyethernitrile and may include unreacted raw materials, byproduct salts, unreacted bases, and the like
as other components. The method for recovering the crystalline polyethernitrile from such a reaction mixture is not
particularly limited. Examples of the method include a method of recovering the crystalline polyethernitrile by contacting
with a solvent having solubility to the byproduct salt under heating, if necessary and a method for removing the byproduct
salt and the unreacted organic base under reduced pressure.
[0059] In the method of recovery by contact with a solvent that has solubility in the byproduct salt and, if necessary,
under heating, the solvent used is generally a solvent of relatively high polarity. Preferable solvent differs depending on
the use base and the kinds of the byproduct salt, water; alcohols represented by methanol, ethanol, propanol, iso-
propanol, butanol, and hexanol; ketones represented by acetone and methyl ethyl ketone; acetic acid esters represented
by ethyl acetate and butyl acetate; nitrogen-containing polar solvents such as N-methyl-2-pyrrolidone (NMP), N-meth-
ylcaprolactam, N,N-dimethylformamide (DMF), N,N-dimethylacetoamide (DMAc), 1,3-dimethyl-2-imidazolidinone (DMI),
hexamethylphosphoramide, and tetramethylurea; sulfoxide-based and sulfone-based solvents such as dimethyl sulfoxide
(DMSO), dimethyl sulfone, diphenyl sulfone, and sulfolan, and acids such as acetic acid, hydrochloric acid, sulfuric acid,
and nitric acid may be exemplified. From the viewpoint of availability and economy, water, methanol, acetone, acetic
acid, hydrochloric acid, sulfuric acid, and NMP are preferable and water, acetic acid, hydrochloric acid, and NMP are
more preferable.
[0060] In the method for removing the byproduct salts and the unreacted organic bases under reduced pressure, this
method may be performed after the completion of the reaction in the range from 0.001 atm to 1 atm and, if necessary,
under heating.
[0061] With respect to the crystalline polyethernitrile in the present invention, the structure can be confirmed by an
infrared spectroscopy method and a nuclear magnetic resonance spectroscopy method.
[0062] The crystalline polyethernitrile according to the present invention has excellent heat resistance, chemical re-
sistance, flame retardancy, and electrical and mechanical properties and can be molded by injection molding, injection
compression molding, blow molding, and extrusion molding. At this time, the crystalline polyethernitrile may be used
singly or inorganic fillers such as glass fibers, carbon fibers, titanium dioxide, and calcium carbonate, antioxidants, heat
stabilizers, UV absorbers, and colorants may be added to the crystalline polyethernitrile, as desired. Resins other than
the crystalline polyeternitrile according to the present invention may also be blended.
[0063] The crystalline polyethernitrile according to the present invention may have hydroxy groups at the end. In this
case, excellent adhesion to other resins and materials and control of thermal properties due to interaction between the
additives and the hydroxy group ends may be expected.
[0064] As the applications of the crystalline polyethernitrile, electric and electronic parts, home and office appliance
parts, optical equipment and precision machinery parts, water-related parts, automobile and vehicle-related parts, and
other industrial applications may be exemplified.

[Examples]

[0065] Hereinafter, the present invention will be described in detail with reference to Examples. These Examples are
exemplification and non-limiting.

<Determination of structure>

[0066] The structure of crystalline polyethernitrile according to the present invention was determined using an infrared
spectroscopy (IR) method or a nuclear magnetic resonance spectroscopy (NMR) method.
[0067] IR spectrum was measured by a KBr tablet method using IRPRestige-21 manufactured by Shimadzu Corpo-
ration. As NMR, 1H-NMR measurement was performed using JNM-ECZ-500R manufactured by JEOL Ltd. in deuterated
DMSO or in a mixed solvent of pentafluorophenol/deuterated chloroform = 5/3 (volume ratio). [N/(N + M)] and the ratio
of the end groups other than the hydroxy groups and the metal salts of the hydroxy groups relative to the total end groups
were calculated from the ratios of the integral values of the spectrum.

<Molecular weight measurement>

[0068] The molecular weight of the crystalline polyethernitrile of the present invention was determined by measurement
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of gel permeation chromatography (GPC), which is a kind of size-exclusion chromatography (SEC) or by the NMR
measurement. The GPC measurement was performed using SSC-7110 manufactured by Senshu Scientific Co., Ltd. at
250°C in 1-chloronaphthalene and calculated in terms of polystyrene. In the NMR measurement, the molecular weight
was calculated from the ratio of the integral value of the peak derived from the end groups to the integral value of the
peak derived from the main chain.

<Measurement of melting point, glass transition temperature, and crystallization temperature at the time of temperature-
fall>

[0069] The melting point (Tm), the glass transition temperature (Tg), and the crystallization temperature at the time
of temperature-fall (Tc) of the crystalline polyethernitrile of the present invention were determined by differential scanning
calorimetry (DSC) measurement. The DSC measurement was performed using Q20 manufactured by T.A. Instruments.
A temperature was raised from 50°C to 400°C at 20 °C/min, retained at 400°C for one minute, and thereafter lowered
from 400°C to 50°C at 20°C/min. The temperature was raised again from 50°C to 400°C at 20°C/min, retained at 400°C
for one minute, and thereafter lowered from 400°C to 100°C at 20°C/min. The melting point was calculated from the
result obtained during the second temperature raising and the crystallization temperature at the time of temperature-fall
was calculated from the result obtained during the second temperature lowering. The "melting point - crystallization
temperature at the time of temperature-fall" was calculated from the obtained melting point and crystallization temperature
at the time of temperature-fall.

<Thermogravimetric analysis (TG)>

[0070]

Apparatus: TGA7 manufactured by PerkinElmer Co., Ltd.
Measurement atmosphere: Under nitrogen gas flow
Temperature rising program:

(a) A compound was retained for 1 minute at a program temperature of 50°C
(b) The compound was heated to the melting point + 30°C in the case of a crystalline compound and the
compound was heated to the glass transition temperature + 100°C in the case of an amorphous compound
from the program temperature of 50°C at a temperature rising rate of 20°C/min
(c) The compound was retained for 30 minutes at the melting point + 30°C in the case of the crystalline compound
and the compound was retained for 30 minutes at the glass transition temperature + 100°C in the case of the
amorphous compound

[0071] Weight loss ratio: A weight after 1-minute retention at 50°C was used as a reference. The weight loss ratio was
calculated from a weight after 30-minute retention at the melting point + 30°C in the case of the crystalline compound
and at the glass transition temperature + 100°C in the case of the amorphous compound.

<Raw materials used in Examples>

[0072]

Aromatic compounds substituted with two hydroxy groups (M1) and (M2)
(M-1) Hydroquinone (FUJIFILM Wako Pure Chemical Corporation)
(M-2) Resorcinol (FUJIFILM Wako Pure Chemical Corporation)
(M-3) 4,4’-Dihydroxybiphenyl (Tokyo Chemical Industry Co., Ltd.)
(M-4) 2,2-Bis(4-hydroxyphenyl)propane (Tokyo Chemical Industry Co., Ltd.))
(M-5) 1,6-Dihydroxynaphthalene (Tokyo Chemical Industry Co., Ltd.)
(M-6) Catechol (Tokyo Chemical Industry Co., Ltd.) Compounds having a benzonitrile framework substituted with
two halogeno groups (M3)
(M3-1) 2,6-Dichlorobenzonitrile (Tokyo Chemical Industry Co., Ltd.)
(M3-2) 2,6-Difluorobenzonitrile (Tokyo Chemical Industry Co., Ltd.)

Bases

[0073]
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(B-1) Sodium carbonate (Kanto Chemical Co., Inc.)
(B-2) Potassium carbonate (Kanto Chemical Co., Inc.) Organic polar solvent
(S-1) NMP (FUJIFILM Wako Pure Chemical Corporation) Molecular weight modifier
(A-1) 4-Tert-butylphenol (Kanto Chemical Co., Inc.)

[Example 1]

[0074] Into a 300-mL separable flask equipped with a stirrer, nitrogen inlet tube, and Dean-Stark tube, 8.37 g (76.0
mmol) of hydroquinone as an aromatic compound (M1), 0.44 g (4.0 mmol) of resorcinol as an aromatic compound (M2),
13.93 g (81.0 mmol) of 2,6-dichlorobenzonitrile as a compound having a benzonitrile framework (M3), 9.33 g (88.0 mmol)
of sodium carbonate as a base were charged. Under a nitrogen atmosphere, 80 mL of NMP and 3 mL of toluene were
added and the resultant mixture was reacted at 160°C for 0.5 hour and then at 200°C for 5 hours. After completion of
the reaction, the reacted mixture was cooled to room temperature and 80 mL of NMP and 600 mL of water were added.
The obtained white product was further washed with 600 mL of warm water (80°C) to give 14.0 g of a white solid. As a
result of the NMR measurement, chloro group end-derived peaks at 6.97 to 6.99 ppm, hydroxy group end-derived peaks
at 7.11 to 7.13 ppm, a resorcinol-derived peak at 7.16 ppm (one proton at the 2-position), a hydroquinone-derived peak
at 7.41 ppm (4 protons at 2-, 3-, 5-, and 6-positions), and main-chain benzonitrile framework peaks (1 proton at 3-position)
at 7.59 to 7.62 ppm were observed. Form the ratios of respective integral values, [N/(N + M)], the molecular weight (Mn),
the ratio of the halogeno groups relative to both ends were calculated. The melting point (Tm) was 341°C, the glass
transition temperature (Tg) was 176°C, the crystallization temperature at the time of temperature-fall (Tc) was 265°C,
and "Melting point - Crystallization temperature at the time of temperature-fall" was 76°C. A weight loss ratio when the
polymer was retained at the melting point + 30°C for 30 minutes was 0.2%.

[Example 2]

[0075] 14.1 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that the amount of hydroquinone used was set to 8.02 g (72.8 mmol), the amount of resorcinol used was set to 0.79 g
(7.2 mmol), and the amount of sodium carbonate used was set to 8.48 g (80.0 mmol). As the result of IR measurement
using the obtained solid, peaks indicating the crystalline polyethernitrile framework were observed at 2230 cm-1, 1580
cm-1, 1460 cm-1, 1240 cm-1, 1020 cm-1, 850 cm-1, and 780 cm-1.

[Example 3]

[0076] 14.8 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that the amount of hydroquinone used was set to 8.79 g (79.8 mmol) and 0.04 g (0.2 mmol) of 4,4’-dihydroxybiphenyl
was used as the aromatic compound (M2).

[Example 4]

[0077] 15.0 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 0.91 g (4.0 mmol) of 2,2-bis(4-hydroxyphenyl)propane was used as the aromatic compound (M2).

[Example 5]

[0078] Into a 300-mL separable flask equipped with a stirrer, nitrogen inlet tube, and Dean-Stark tube, 8.02 g (72.8
mmol) of hydroquinone as the aromatic compound (M1), 1.34 g (7.2 mmol) of 4,4’-dihydroxybiphenyl as the aromatic
compound (M2), 0.12 g (0.8 mmol) of 4-tert-butylphenol as the molecular weight modifier, 13.93 g (81.0 mmol) of 2,6-
dichlorobenzonitrile as the compound having a benzonitrile framework (M3), and 9.33 g (88.0 mmol) of sodium carbonate
as the base were charged. Under a nitrogen atmosphere, 80 mL of NMP and 3 mL of toluene were added and the
resultant mixture was reacted at 160°C for 0.5 hour and then at 200°C for 5 hours. After completion of the reaction, the
reacted mixture was cooled to room temperature and 80 mL of NMP and 600 mL of water were added. The obtained
white product was further washed with 600 mL of warm water (80°C) to give 14.0 g of a white solid.

[Example 6]

[0079] 14.0 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 8.37 g (76.0 mmol) of resorcinol was used as the aromatic compound (M1) and 0.44 g (4.0 mmol) of hydroquinone
was used as the aromatic compound (M2). Molecular weights (Mn and Mw) were calculated from the GPC measurement.
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[Example 7]

[0080] 13.9 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 0.44 g (4.0 mmol) of catechol was used as the aromatic compound (M2).

[Example 8]

[0081] 14.8 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 14.86 g (79.8 mmol) of 4,4’-dihydroxybiphenyl was used as the aromatic compound (M1) and the amount of resorcinol
used was set to 0.02 g (0.2 mmol). Molecular weights (Mn and Mw) were calculated from the GPC measurement.

[Example 9]

[0082] 13.8 g of a white solid was obtained by performing the same operations as the operations in Example 5 except
that the amount of hydroquinone used was set to 8.02 g (72.8 mmol), 0.79 g (7.2 mmol) of resorcinol was used as the
aromatic compound (M2), and the amount of 4-tert-butylphenol used was set to 0.24 g (1.6 mmol).

[Comparative Example 1]

[0083] 14.1 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that the amount of hydroquinone used was set to 6.61 g (60.0 mmol), the amount of resorcinol used was set to 2.20 g
(20.0 mmol), and the amount of 2,6-dichlorobenzonitrile used was set to 14.10 g (82.0 mmol). Molecular weights (Mn
and Mw) were calculated from the GPC measurement.

[Comparative Example 2]

[0084] 14.2 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 6.17 g (56.0 mmol) of resorcinol was used as the aromatic compound (M1), 4.47 g (24.0 mmol) of 4,4’-dihydroxy-
biphenyl was used as the aromatic compound (M2), and the amount of 2,6-dichlorobenzonitrile used was set to 12.11
g (70.4 mmol). Molecular weights (Mn and Mw) were calculated from the GPC measurement.

[Comparative Example 3]

[0085] Into a 300-mL separable flask equipped with a stirrer, nitrogen inlet tube, and Dean-Stark tube, 8.81 g (80
mmol) of hydroquinone, 14.10 g (82 mmol) of 2,6-dichlorobenzonitril, and 9.75 g (92 mmol) of sodium carbonate were
charged. Under a nitrogen atmosphere, 80 mL of NMP and 3 mL of toluene were added and the resultant mixture was
reacted at 160°C for 0.5 hour and then at 200°C for 5 hours. After completion of the reaction, the reacted mixture was
cooled to room temperature and 80 mL of NMP and 600 mL of water were added. The obtained white product was
further washed with 600 mL of warm water (80°C) to give 14.0 g of a white solid.

[Comparative Example 4]

[0086] 14.0 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that the amount of hydroquinone used was set to 6.17 g (56.0 mmol), the amount of resorcinol used was set to 2.64 g
(24.0 mmol), and the amount of 2,6-dichlorobenzonitrile used was set to 14.10 g (82.0 mmol). Molecular weights (Mn
and Mw) were calculated from the GPC measurement.

[Comparative Example 5]

[0087] 18.2 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that 7.45 g (40.0 mmol) of 4,4’-dihydroxybiphenyl as the aromatic compound (M1), 6.41 g (40.0 mmol) of 1,6-dihydrox-
ynaphthalene as the aromatic compound (M2), 11.27 g (81.0 mmol) of 2,6-difluorobenzonitrile as the compound having
a benzonitrile framework (M3), and 12.16 g (88.0 mmol) of potassium carbonate as the base were used. Molecular
weights (Mn and Mw) were calculated from the GPC measurement.

[Comparative Example 6]

[0088] 15.0 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
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that the amount of hydroquinone used was set to 7.93 g (72.0 mmol) and 1.83 g (8.0 mmol) of 2,2-bis(4-hydroxyphe-
nyl)propane as the aromatic compound (M2).

[Comparative Example 7]

[0089] 14.0 g of a white solid was obtained by performing the same operations as the operations in Example 1 except
that the amount of hydroquinone used was set to 7.93 g (72.0 mmol) and 0.88 g (8.0 mmol) of catechol was used as
the aromatic compound (M2).
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[0090] From the results of Examples 1 to 9, setting the amounts of the aromatic compounds (M1) and (M2) used in
the range of 0.90 < [Amount of (M1) used (mol)/Total amount of (M1) and (M2) used (mol)] < 1.00 results in [N/(N + M)]
in the range of 0.90 < [N/(N + M)] < 1.00. Consequently, the crystalline polyethernitrile having excellent heat stability
was obtained by controlling the end structure at a difference between the melting point and the crystallization temperature
at the time of temperature-fall of 40°C to 100°C and a melting point of 280°C to 360°C. On the other hand, from the
results of Comparative Examples 1, 2, 4, 5, 6, and 7, crystalline properties were significantly decreased when the amounts
of aromatic compounds (M1) and (M2) used were outside the above ranges. From the results of Comparative Example
2, thermal stability deteriorated as the amount of halogeno end groups decreased. In addition, from the result of Com-
parative Example 3, the polymer made of the single monomer had a melting point of 373°C, which is a high melting point.

Claims

1. Crystalline polyethernitrile with a difference between a melting point and a crystallization temperature at a time of
temperature-fall being 40°C or more and 100°C or less, the crystalline polyethernitrile comprising N repeating units
represented by Formula (I) and M repeating units represented by Formula (II), N and M being integers satisfying a
relation of 0.90 < [N/(N + M)] < 1.00:

in Formulas (I) and (II), Ar1 and Ar2 have one framework selected from units represented by Formula (a) to Formula
(f), with proviso that Ar1 and Ar2 are not the same,

in Formula (a) to Formula (f), R is any one of a linear organic group, a branched organic group, or a cyclic organic
group having a carbon number of 1 to 6, and optionally has one or more oxygen atoms, nitrogen atoms, and sulfur
atoms; Rs may be the same as or different from each other; a represents number of substituents in R and is an
integer from 0 to 4; and X is a hydrogen atom or a methyl group.

2. The crystalline polyethernitrile according to claim 1, comprising N repeating units represented by Formula (III) and
M repeating units represented by Formula (IV), N and M being integers satisfying a relation of 0.90 < [N/(N + M)] < 1.00:
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in Formulas (III) and (IV), Ar1 and Ar2 have one framework selected from units represented by Formula (g) to Formula
(1), with proviso that Ar1 and Ar2 are not same,

where X is a hydrogen atom or a methyl group.

3. The crystalline polyethernitrile according to claim 1, comprising N repeating units represented by Formula (V) and
M repeating units represented by Formula (VI), N and M being integers satisfying a relation of 0.90 < [N/(N + M)] < 1.00:

in Formula (V) and Formula (VI), Ar1 and Ar2 have one framework selected from units represented by Formula (g)
to Formula (1), with proviso that Ar1 and Ar2 are not same,

where X is a hydrogen atom or a methyl group.

4. The crystalline polyethernitrile according to any one of claims 1 to 3, wherein Ar1 is a para-phenylene framework or
a meta-phenylene framework.
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5. The crystalline polyethernitrile according to any one of claims 1 to 4, wherein a melting point of the crystalline
polyethernitrile is 280°C or more and 360°C or less.

6. The crystalline polyethernitrile according to any one of claims 1 to 5, wherein a weight loss ratio of the crystalline
polyethernitrile during 30-minute retention at melting point + 30°C under a non-oxidizing atmosphere in thermogravi-
metric analysis (TG) is 5% or less.
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